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PREFACE 


This report, prepared by the U.S. Department of Energy, Bartlesville 
Energy Technology Center for the U.S. Department of Transportation, 
Transportation Systems Center, Energy Technology Branch, Cambridge, Mass., 
presents results of experimental work to obtain information on performance 
characteristics of an engine used in automobiles sold in the United States. 
The AMC 121 CID engine is one of a series of 15 engines to be tested in 
the current program. This is the third of the reports to be published 
covering work with those engines. 


This project is funded by the National Highway Traffic Safety Admin- 
istration, Office of Research and Development, Office of Passenger Vehicle 
Research, Technology Assessment Division. 


James A. Kidd, Jr. and Ralph G. Colello of the U.S. Department of 
Transportation, Transportation Systems Center, are the technical monitors. 
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1. INTRODUCTION 


The objective of this program is to obtain engine performance data 
for estimating fuel economy and emissions for varied engine service and 
duty. The intent of this work done at Bartlesville Energy Technology 
Center is to provide basic engine characteristic data required as input 
for engineering calculations of fuel consumption and emissions involving 
ground transportation. 


The data acquired from tests of a 1978 AMC 121 CID engine are pre- 
sented in this report. This engine was intended for use in a 1978 forty- 
nine states (Federal) vehicle equipped with manual transmission. AMC 
uses the 121 CID engine in vehicles in the 2,750 to 3,000 1b weight 
class. The test results are sufficient to establish steady-state maps 
for fuel consumption and emissions (carbon monoxide, unburned hydro- 
carbons, and oxides of nitrogen) over the entire operating range of the 
engine. 


Z2., ENGINE TEST) REPORT 


The engine test set-up included a complete mean tolerance engine 
(SAE definition) coupled to an eddy-current dynamometer. A cooling tower 
was used in place of the fan and radiator. The alternator was included 
but was not wired into the engine's electrical system. Emission control 
systems included an air pump, exhaust-gas-recirculation, positive crank- 
case ventilation, and a oxidation catalyst. The manufacturer's engine 
specifications are listed in Table 1. 


Prior to testing, engine break-in consisted of 40 hours of oper- 
ation at various speeds and loads representative of normal operation. 
Table 2 contains details of the break-in schedule. A single batch 
of unleaded regular grade gasoline was used throughout the break-in 
and tests. A detailed fuel analysis is given in Table 3. Engine 
testing began on January 18, 1978 and ended on January 27, 1978. 
During steady-state tests, the engine was operated at the following 
speed/load modes: 


Speeds: 1,000; 1,500;°2,000; 2,500; 3,000; '3:800:4. 200: 
and 5,000 rpm 


Loads 2.0610 51254740360 FO Pn9Og TOOipet orn iatioad 
(0, 10, 25, 60, and 75 pct points were repeated 
for all engine speeds) 


Idle speed/load modes: 900 rpm -- 0, 10, 15 Ib-ft 
800 rpm -- 7 lb-ft 


Over speed point: 5,250 rpm -- 75 1b-ft (WOT) 


At the conclusion of the test, the engine was motored at 1,000; 1,500; 
and 2,000 rpm. At each of these speeds, the engine was motored with the 
throttle in the idle position ignition on; throttle in the idle position, 
ignition off; and wide-open-throttle (WOT) ignition off. 


Lota, snumberof), test. Modes. a...,42 spew aes et sess 73 
Total ‘number of; repeats... 2 ate oo oe. eae 44 
Total number of} motoring: points at. .... eh. .: 2 

Total number, OF CESS (hss ccc ee sees secs « 126 


The following data were recorded for each test point: 


Test number 

Date 

Barometric pressure, mm Hg 
Dew point, °F 

Inlet air temperature, °F 
Speed. rpm 


Torque, lb-ft -- Daytronics strain gauge load cell 

Fuel rate, lb/hr -- Fluidyne positive displacement fuel flow meter 

Ignition timing, °BIC 

Manifold vacuum, in. Hg 

Throttle angle, degrees 

CO, pct -- Beckman NDIR 

C02, pct -- Beckman NDIR 

05, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 

NO,, ppm -- Thermo-Electron chemiluminescent detector 

O17 temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H»50 

Intake manifold penmemacicen DIF 

Exhaust-gas-recirculation rate as determined by the intake 
manifold, CO» 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury): 


Rs ESOS. 1 
Pp = exp par = wee 


wnere D = Dew point, °F 


2. Absolute humidity (arains moisture per pound dry air): 


_ 4347.8(P) 


" Toe 


where B = Barometric pressure, mm Hg 


3. Humidity correction factor (dimensionless): 


Ky = u 
nN” T= OOS 75) 


Note: This factor 1s used to correct the NO mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


4. Stoichiometric air/fuel ratio (dimensionless): 


X 


: MWeuel 
where x = hydrogen-carbon ratio of fuel 
y = oxygen-carbon ratio of fuel 
Mifuel = fuel molecular weight per carbon atom 


12.01115 + 1.00797x + 16.90000y 


9. Hydrogen concentration in raw exhaust (percent): 


fee x(CO)(CO + CO 
2 ~ “2(CO + 3009) 
where C9 Carbon monoxide concentration (percent) 


CO = Carbon dioxide concentration (percent) 


Note: This equation assumes a water-gas shift equilibrium constant 


(CO) (Hy0) _ 
(CUS TC Nemes 


6. Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


(5)(CO + CO) - He 


Ciipend (ant 4S wear 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


7. Air/Fuel ratio (dimensionless): 


NO 
x 
AF gi Co [1+ 5 sy) (CO) +l 20405 7 yl) (COD oF" 2005) ia 
AF = - ~ = 
HC 
oe a CO + COp + Cy (z5x) 
wnere Oo = oxygen concentration (percent) 


0, = oxides of nitrogen (ppm) 
HC = unburned hydrocarbon concentration (ppmC) 


8. Exhaust flow (pounds per hour): 


MeEyos Me (1 + AF) 


where Me = fuel flow rate (pounds per hour ) 


4 


10. 


Ay: 


12” 


Carbon monoxide mass emission rate (grams per hour): 


aia beree ohio De 453.59237 
CO” \ MWe zCO + %CO. + C, (ZHC) 


MW 


co = molecular weight of CO (28.01115) 
MW 


¢ molecular weight of fuel (12.01115 + 
1.00797x + 16.00000y) 

fuel rate in 1lbs/hour 

HC(ppm)/10* 


10 
*HC 


Unburned hydrocarbon mass emission rate (grams per hour): 


(te (zc) (He) (Cul 
Nuc \me] facoFzcop +c, (aie) (483-89237 


MWic = molecular weight of hydrocarbon 


Zs OM See INOO7 97x79 +" 16 ./00000y. 


Oxides of mitrogen mass emission rate (grams per hour): 


eas “NO, + Mg 7 
MNOx = |THE | LOE TCO CHO 7 


MWNOY = molecular weight of NO» = 46.0055 


Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


| 736.6| ,/t + 460 
Heo Mls) Ws a) WT 


where N = engine speed (revolutions per minute) 
T = brake torque (1b-Ft) 

t = air temperature (°F) 

B = barometric pressure (mm Hg) 

P = partial pressure of water vapor in intake 


air (mm Hg) 


3:0) DESCUSSTON OF TEST RESULTS 


Maximum corrected brake horsepower, maximum torque, and brake 
specific fuel consumption (bsfc) are plotted as a function of engine 
speed at WOT (Figure 1). The maximum brake horsepower produced by 
the engine was similar to the value quoted in Table 1. The maximum 
torque produced was slightly lower than the value quoted in Table 1 
and was produced at a slightly lower speed. Fuel rates were found to 
be nearly a linear function of power for all speeds except for maximum 
power at each speed (Figure 2). Fuel rates were repeatable for all 
speeds duplicated. Air-fuel ratio decreased as power (BHP) increased 
(Figure 3). 


Emissions of carbon monoxide (CO), hydrocarbon (HC), and oxides 
of nitrogen (NO.) are plotted as a function of power for all engine 
speeds (Figures 4, 5, 6). Carbon monoxide and HC tend to remain at 
low levels for all speeds except at WOT. At WOT operation rich air- 
fuel ratios cause the CO and HC to increase significantly. The NO 
emissions were repeatable for most engine test modes. Additional 
tests were made at certain test modes due to the non-repeatability of 
the NO, emission levels. The results from the additional testing in- 
dicate’ that the modes are at critical operating condition; thus causing 
Significant differences in the NO. emissions. 


4. CONCLUSIONS 


The experimental work to obtain engine performance data for a 1978 
AMC 121 CID engine has been completed, and these data are presented in 
the tables accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Disphacemenit 5 CUBIC? INCHES. 6. eee be kel erpe ees 121 
Maximum horsepower, bhp @ 5,000 rpm..............-. 80 
Maximum torque, lb-ft. @, 2, 800erpmines. coe eee ees nik 105 
Borevand strokes, ANCES 2 242. ai. Hees eee ie ae 3.41 G=43n2e3 
COMPAGULATION Scie eed Bet a: 006 <8 laieo Giks taleys Si INR ne cee in-line 4 cylinder 
COMPFESSION VAC TO. Fee es eles La Cemies Heele s Bee see eld OmMccOnt 
PARANGMONGE Sctche cece cy Sek ies he ee eho one ee tegee ]-3-4-2 
Ignition timing at idle speed, °BTDC @ 900 rpm..... 12 
Block. materia liw.an 46 teas vbw s ohne d Cnet Or Bee cast iron 
Mead MaAcS Mal eerste deat arabe WL aara oe wom Soe ete cast aluminum 
Number of crankshaft main bearings, ..<....2.724<<<. 5 
Number Of CompressTon YINGS/PiStON..2+. <2 s.sicas see we 2 
Number..of O78) YARGS/ PISTONS. actas vette aeeeeoeaemos ] 
Cam Gr iver EY PCuis.vws..e Lawhead oe cevteme Meee se Mere belt 
Valve lift: 
Intakes sINCheSc sac tascwuew eesqe eine Re Ie Sor 0.402 
Exhaust .,1MCN@Sa..2t. teenies 22 caer eee ce eenees 02382 
Valve timing: 
Intakenopens:,. °BIGC. 2. 114s sv umndetedeabe tee Mi aewe 41.8 
intake closes... (ABC. «2 s.eere diene Soamesae a uae 1728 
Exhaust OpenSea (BBG. ads cee hee be eee tsa cameos 
Exhaustac losesig. GAM oda ches aetna ames ou ee MOSES 
ENGHNGRWEIGINGes [Ds accure eam otuen ice etre sn ecia Snmerneme ae 340 
Spark ep LUGe Gaps: AMNCMESe.cai .tu cae «tes ccse ne teasers 0.035 
Exhaust-gas-recirculation system: 
MOIV OR CVIDG cc. tuacti ce eral o eae par > ores eeeetene a ane tapered stem 
COMEVOL STOMA <3 occ ew etemciee ates eenanctee aie ae ported vacuum 
POdMb. Of adtSCWay Ge tise vaaass na wa were ea ears intake manifold 
Crankcase emission contro]: 
Control method...... Spee Marte cata A eayaie CA aeuaeera aan positive crankcase 
ventilation 
Potnmibe Of dt SChavge. a. cence uh cae neces Crrtetlos oe cee intake manifold 
CAMDUNCTON TY DC: che ariare mu ath eure eea ce meen nee enol 2V downdraft 


Distributor specifications:* 
Centrifugal advance, begins, ° @ 1,200 rpm.... 0 
Centrifugal advance, intermediate, 


sae Co (ee Lo) 0k 4 2) | Pee ae ener ae Cored Aen me an aerae 20 
Centrifugal advance, full, ° @ 4,400 rpm...... 34 
Vacuum advance, begins, ° @ 3 in Hg........... 0 
Vacuum advance, maximum, ° @ 9.6 in Hg........ 18 
Cay DUPeLOr NuUMDEIe es. cu ca aecheeie sete eee 8163 
DAS DUC OMCs 1. rea, <2 << a teyerstece ete mean eerera ne clererees ants 0-231-170-206 
EGRET OY a ccbicc cee Sone fuses clare eta naee eta een eae tes 7030881 


*Engine rpm, crankshaft degrees 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle | Engine speed, Intake manifold Fraction of time 
speed, mph rpm vacuum, in Hg in mode 


Idle 650 15 1/10 
20 1,100 13 a 
30 1,500 O%15 : 
40 1,900 10-5 ; 
50 ZNSS 9 
60 2,800 s) i 
Zo 1,300 1225 ‘ 
SS 1,700 WZ 
45 2,100 368 
55 ool) o®) 3 


Mileage per cycle = 90. 
Total mileage accumulated oyer 40 hours break-in period = 1,440. 


TABLE 3. FUEL ANALYSIS 


Motor octane! Nov) Sol Jos tote we eee 
Specrtle-gravity wwec Bie Catoe code dee 
PPL Gravity, GCQrees ccccctk enc ee ana 


Distillation, °F: 
10. pet ‘evaporated ise ccc eleccshhv es 
50 pct M UE Seah cht auld: AME ah 
95 pet 0 Palisa Mecatat Mite a ae 
100 pct ws Retr ee eee Rr, 


Reid, vapor pressure, PSi.4. 4.64. 50653 


FIA analysis, pct: 
AVOMACTOS saan ce RE owsise etal neo Rene 
OhePinSkkc lasers hese eee ees 
ParahiinScnce ves ocd daccab tee ove eee 


SUT TUM MDG Riss. 5 OS Piece acuaiere-gieateicre ware © Siae 
Lead, grams per gallon..........e-euee 
Hydrogen/carbon atomic ratio.......... 
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CORRECTED BRAKE HP 


BSFC, 1b/hp-hr 
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60 
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500 1,500 


1,000 


PICUINE Ih 


2,500 3,500 4,500 


2,000 3,000 


ENGINE SPEED, rpm 


4,000 5,000 


Brake Specific Fuel Consumption, Torque, 
and Brake Horsepower Versus Engine rpm 
at Wide-Open-Throttle--AMC 121 CID 
Engine. 
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FUEL RATE, 1b/hour 


FUEL RATE, 1b/hour 
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0 3 6 9 12. #15 18 o 10 «= 20030 40) 50) P60 
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0 5 10. 15 20. 25 30 0 12 24 36 48) wGOnmp72 
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16 32 
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0 8 16 24 32 40 48 0 12 24 36 48 60 72 
30 48 
2,500 rpm 5,000 rpm 
40 
25 
20 32 
15 24 
10 16 
5 8 
0 8 16 24 432 £440 °&48 0 15 30 45 60 75 90 
POWER, bhp 
FIGURE 2. Fuel Rate Versus Power at Various 


Speed and Load Conditions--AMC 
121 CID Engine. 
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AIR-FUEL RATIO 
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Air Fuel Ratio Versus Power at Various 
Speed and Load Conditions--AMC 121 CID 
Engine. 
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CARBON MONOXIDE, grams/hour 


CARBON MONOXIDE, grams/hour 


1,800 15,000 


1,000 rpm 3,000 rpm 
1,500 12,500 
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0 0 
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0 0 
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FIGURE 4. Carbon Monoxide Emissions Versus Power 
at Various Speed and Load Conditions-- 
AMC 121 CID Engine. 
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HYDROCARBON, grams/hour 


HYDROCARBON, grams/hour 
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Hydrocarbon Emissions Versus Power at 
Various Speed and Load Conditions-- 
AMC 121 CID Engine. 
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OXIDES OF NITROGEN, grams/hour 


OXIDES OF NITROGEN, grams/hour 
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FIGURE 6. Oxides of Nitrogen Emissions Versus 
Power at Various Speed and Load 
Conditions--AMC 121 CID Engine. 
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